Inhibition of renin, the first rate-limiting enzyme in the renin-angiotensin system, has long been a therapeutic goal for treatment of hypertension. Aliskiren, the first in a new class of oral direct renin inhibitors, has been shown to reduce blood pressure (BP) in several short-term studies. In this 52-week, open-label, multicenter, parallel-group study, the long-term safety, tolerability, and efficacy of aliskiren-based therapy were assessed in Japanese patients (N¼345) with mild-to-moderate essential hypertension. The study had two periods: (i) an 8-week, dose-titration period and (ii) a 44-week, fixed-dose period with an optional addition of a diuretic or a calcium channel blocker (CCB). Safety was assessed by monitoring all adverse events (AEs), serious AEs (SAEs), vital signs, laboratory parameters, ECGs, and physical examinations. Efficacy was assessed by trough mean sitting BP and responder rate. Aliskiren alone or in combination with a diuretic or a CCB was well tolerated. No deaths were reported during this study. Nine SAEs were reported, and for three of these, a possible relation to the study drug could not be excluded. The overall incidence of AEs was 85.2%, and most of these were mild-to-moderate events such as nasopharyngitis. The incidence of suspected study drug-related AEs was 25.3%. A clinically meaningful reduction of 17.6/12.8 mm Hg from baseline was achieved in the mean sitting BP at the end point with aliskiren, irrespective of the dose and additional treatments. The overall responder rate was 73.3% at the end point. In conclusion, this first long-term study in Japanese patients showed the safety and efficacy of aliskiren-based therapy in mild-to-moderate essential hypertension.
INTRODUCTION
Hypertension is highly prevalent and a major risk factor for cardiovascular diseases. It is estimated that one-fourth of the Japanese population (35 million adults) have hypertension, but only 20% of them achieve the blood pressure (BP) goal of o140/90 mm Hg in elderly patients and o130/85 mm Hg in young and middle-aged hypertensive patients as recommended by the Japanese Society of Hypertension. [1] [2] [3] [4] Hence, there is a clear need for new approaches to treatment of hypertension with drugs that are well tolerated and that can be given once daily to improve patients' compliance and help achieve target BP. 5, 6 The renin-angiotensin aldosterone system (RAAS) is a critical target in antihypertensive therapy, because it plays a key role in BP maintenance. 7 Renin has long been recognized as the logical target for the renin-angiotensin system blockade because it corresponds to the first, highly regulated, and rate-limiting step of the system. 8 Aliskiren, the first in class of orally active direct renin inhibitors, is approved in the United States and the European Union for treatment of hypertension either as monotherapy or in combination with other antihypertensive agents. In clinical studies, aliskiren monotherapy was effective in reducing BP with a tolerability profile comparable to placebo and a safety profile similar to angiotensin receptor blockers (ARBs). 9 Aliskiren provides additive efficacy, and is well tolerated in combination with angiotensin-converting enzyme inhibitors (ACEIs), calcium channel blockers (CCBs), diuretics, and ARBs. [9] [10] [11] [12] In an 8-week, dose-finding study with aliskiren conducted for the first time in Japanese patients with essential hypertension, once-daily treatment with aliskiren 75, 150, or 300 mg significantly lowered BP with tolerability comparable to placebo. BP reduction was evident from the second week onward and was long lasting and dose-dependent. 13 After completion of the dose-finding study, patients were invited to enroll in a 12-month, open-label study to assess the long-term safety, tolerability, and efficacy of aliskiren. The results of that long-term study are reported here.
METHODS Participants
Japanese men and women (aged between 20 and 80 years) with essential hypertension (mean sitting diastolic BP (msDBP) X90 and o110 mm Hg), who completed the preceding dose-finding study without safety concerns, were recruited as outpatients from all of the 30 participating clinical centers in Japan. 13 Patients with severe hypertension (sitting DBP X110 mm Hg and/or sitting systolic BP (SBP) X180 mm Hg), secondary or malignant hypertension, type I or type II diabetes receiving insulin or with poor glucose control (HbA 1C 48%), and serious cardiac, hepatic, renal, or cerebrovascular diseases were excluded. Patients were also excluded if they had a history of hypersensitivity to thiazides, or sulfonamide derivatives, and dihydropyridines.
The study was performed in compliance with the guidelines for Good Clinical Practice and the Declaration of Helsinki Principles of the World Medical Association, and received approval by the Institutional Review Board. All patients gave written informed consent.
Study design
This open-label, multicenter, parallel-group study was open to participants of a previous aliskiren dose-finding study (75, 150, and 300 mg o.d. (once daily)) in Japanese patients with mild-to-moderate essential hypertension. 13 After the withdrawal of previous antihypertensive medication (during a 1-week washout period), eligible patients entered an 8-week, dose-titration period followed by a 44-week period of fixed-dose aliskiren with optional concomitant therapy ( Figure 1 ). During the 8-week, dose-titration period, aliskiren was up-titrated from 75 to 150 and 300 mg in a stepwise manner if msDBP was 490 mm Hg. In the next 44-week (fixed-dose aliskiren with optional concomitant therapy period), optional addition of concomitant medication (either a diuretic at low dose or a CCB) was used if msDBP was 490 mm Hg at two consecutive visits. The CCB dose but not the diuretic dose could be subsequently increased if required.
Aliskiren was provided as a film-coated tablet of 75 mg (1 tablet 75 mg dose) and 150 mg (1 tablet 150 mg dose; 2 tablets 150+150 mg [300 mg] dose). Patients were asked to take the study medication orally with water between 0600 and 1000 hours or after BP assessments on the morning of clinic visits and at least 30 min before breakfast. Patients were requested to maintain their baseline diet and life style throughout the study period. Salt intake was not restricted.
Assessments
The primary efficacy variable was the change in msDBP from the pretreatment baseline (baseline of a previous dose-finding study) to the end point (week 52 or last observation carried forward, LOCF). The change in msDBP from the baseline of the long-term study to the end point was also used for the supportive analysis. The secondary efficacy measures were change from the pretreatment and long-term study baselines to the end point in mean sitting SBP (msSBP) and responder rates (defined as the proportion of patients with msDBP o90 and/or X10 mm Hg decrease from the pretreatment baseline).
Sitting BP and pulse rate were measured at each visit. Sitting BP was measured at trough (24±3 h post-dose) using an electronic hemodynamometer (Omron HEM-907) after patients had been resting in a seated position for at least 5 min. At each visit, three measurements were taken at 1-to 2-min interval, and the mean of the three values was used for analysis. The pulse rate was measured simultaneously with the first measurement of sitting BP.
Adverse events (AEs) were recorded by the date of onset, severity, and relationship to the study medication. Vital signs, physical condition, body weight, hematology parameters, blood chemistry, and urinalysis were also monitored regularly.
Data analysis and statistical methods
Descriptive statistics were calculated for all patients, aliskiren doses (75, 150, or 300 mg) and optional add-on therapy groups (aliskiren monotherapy, 
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T Kushiro et al aliskiren+diuretic, or aliskiren+CCB). The change from the baseline (visit 3 of the dose-finding study; start of the long-term study) in msDBP and msSBP, and the number of responders at consecutive visits were calculated for the entire aliskiren group and each post-dose fixation group. The primary efficacy variable and the secondary efficacy variables were analyzed in the full analysis set, which included all enrolled patients who had an efficacy assessment at the baseline (visit 3 of the dose-finding study) or at the beginning of the open-label study, and at least one post-baseline efficacy measurement during the openlabel treatment period. In the case of missing data, the last post-baseline measurement during the open-label treatment for each patient was carried forward (LOCF) as the end point measurement for the variable to be analyzed. Safety parameters such as AEs were summarized for the safety population, which included all enrolled patients who received the study medication during the open-label period. The laboratory data were summarized at the baseline (day of randomization in the dose-finding study; start of the long-term study) and at all study visits using LOCF. Vital signs and the proportion of patients who experienced orthostatic BP changes (a decrease in at least 20 mm Hg in SBP or a decrease in at least 10 mm Hg in DBP when a patient moves from a supine position to a standing position) were also reported.
RESULTS
In this study, 345 patients from the previous dose-finding study were included. One patient withdrew consent without taking the study drug (N¼344) and 45 patients (13.1%) discontinued from the study (Figure 2) . The proportion of discontinuations was similar in the monotherapy group (n¼26, 14.9%) and combination therapy groups (aliskiren/CCB, n¼9, 10%; aliskiren/diuretic, n¼10, 12.7%). At the end of the study, 175 patients (51%) were on aliskiren monotherapy and the remaining patients were on the combination therapy (aliskiren/ CCB, n¼90; aliskiren/diuretic, n¼79). The baseline and demographic characteristics were similar in the three aliskiren dose groups ( Table 1) . The majority of patients were male (74.1%) and o65 years (88.7%).
The proportion of patients who required an optional add-on therapy (a CCB or a diuretic) in the three aliskiren dose groups is given in Table 2 .
The most commonly used diuretics were indapamide (10.2%) and trichlormethiazide (12.2%), and the most commonly used CCB was amlodipine (21.5%). At the study end point, 95 patients (27.5%) were on aliskiren 75 mg, 65 patients (18.8%) were on aliskiren 150 mg, and 184 patients (53.3%) were on aliskiren 300 mg. In the aliskiren 300 mg group, one patient was non-compliant. The total median exposure during the study to any dose of aliskiren was 364 days (9-372).
Efficacy
Clinically meaningful double-digit reductions from the pretreatment baseline in msSBP and msDBP were achieved in all patients (N¼344)
Eligible for long-term phase Safety of aliskiren in Japanese patients T Kushiro et al exposed to aliskiren irrespective of the dose or treatments received at the study end point. The mean change from the pretreatment baseline before the core study in msDBP (s.d.) was À12.8 mm Hg (8.25), and from long-term baseline after only a 1-week washout was À7.5 mm Hg (9.85). The mean change from the pretreatment baseline in msSBP (s.d.) was À17.6 mm Hg (14.42), and from long-term baseline was À11.9 mm Hg (14.92). Aliskiren monotherapy (at week 8) resulted in BP (msSBP/msDBP) reductions of 12.4/9.2 mm Hg from the pretreatment baseline before the previous dose-finding study, and a reduction of 6.5/3.9 mm Hg from the long-term baseline just before this study ( Figure 3 ). The mean (s.d.) sitting pulse rate at long-term baseline was 73.3 ± 9.45 b.p.m. (beats per minute) in all treated patients and was unchanged at the study end point. Overall responder rate was 73.3% (252/344) at the study end point (Figure 4 ).
Safety and tolerability
Long-term aliskiren-based therapy was generally well tolerated. The overall incidence of AEs in this 52-week, long-term study was 85.2% (293/344). AEs suspected to be related to the study drug occurred in 25.3% (87/344) of patients. Most AEs were mild or moderate in intensity, and the incidence of AEs was similar in patients receiving aliskiren alone (72.7%) or aliskiren in combination with a CCB (72.3%) or a diuretic (69.2%).
Few patients discontinued due to AEs (7.0%), and the rate was slightly higher with the combination therapy than aliskiren monotherapy. The most frequently reported AEs according to the MedDRA (Medical Dictionary for Regulatory Activities) system organ class were infections and infestations (55.5%), investigations (25.3%), gastrointestinal disorders (16.0%), musculoskeletal and connective tissue disorders (16.0%), and nervous system disorders (10.2%). The most frequently reported AEs were nasopharyngitis, back pain, seasonal allergies, and laryngopharyngitis (Table 3) . Nasopharyngitis was more frequent in all treatment groups in aliskiren studies conducted in Japan. 13 The incidence of serum potassium levels o3.5 mmol l À1 was higher with the combination therapy (3.3% in the aliskiren+CCB group and 2.5% in the aliskiren+diuretic group) than monotherapy (1.1%). Orthostatic changes in BP were observed in o20% of the overall patients at any time during the study. There were no clinically relevant changes in weight or body mass index during the study. The incidence of serious AEs (SAEs) was low (9/344, 2.6%) during the study. Two cases (0.6%) of rectal cancer were reported, but these were considered by the investigators to be present at the commencement of the study. For three SAEs, a possible relation to the study drug could not be ruled out (brain stem infarction, neoplasm malignant (in one patient with rectal cancer), and acute myocardial infarction). No deaths occurred during the study period. Abbreviations: BMI, body mass index; CCB, calcium channel blocker; msDBP, mean sitting diastolic blood pressure; msSBP, mean sitting systolic blood pressure. a Height from the dose-finding study. 14 b Pretreatment baseline-before core study when patients were not on antihypertensive therapy. 13 c Long-term study baseline-start of the present long-term study after 1 week washout period. 
Safety of aliskiren in Japanese patients
T Kushiro et al
DISCUSSION
This long-term study with aliskiren in a Japanese population with mild-to-moderate hypertension was conducted in patients who had completed a previous 8-week parallel-group study of aliskiren 75, 150, 300 mg, and placebo. 13 After a 1-week washout, therapy was initiated for this long-term study at 75 mg aliskiren and titrated as described previously. In the core dose-finding study, aliskiren 75, 150, and 300 mg o.d. significantly reduced mean sitting BP (msSBP/msDBP) in a dose-dependent manner as compared with placebo. 13 In this longterm study with aliskiren, the double-digit reductions in BP from the pretreatment baseline before the core dose-finding study (17.6/ 12.8 mm Hg) were maintained over 52 weeks. Similar reductions (aliskiren monotherapy: 17.4/13.3 mm Hg; aliskiren+HCTZ: 18.7/ 12.1 mm Hg) were observed in a 52-week study in Caucasian patients with mild-to-moderate hypertension. 15 Vaidyanathan et al. 16 showed similar pharmacokinetic and pharmacodynamic properties of aliskiren in Japanese and Caucasian patients, and this study further confirms that over the long-term there appear to be no significant differences in the efficacy of aliskiren between Japanese and Caucasian patients with hypertension. Two different baselines were used in this study: (i) the long-term study baseline was used to assess changes during the study and (ii) the pretreatment baseline was used to assess changes from the core study baseline when patients were not on antihypertensive therapy. The pretreatment baseline was used for most of the analyses because of the persistence of the BP-lowering effect of aliskiren after the 1-week washout period between the trials as shown in Table 1 . This effect was pronounced in the patients subsequently treated with aliskiren monotherapy and has also been observed in non-Japanese populations with mild-to-moderate hypertension. 10, 14, 15 In large clinical studies, approximately two-thirds of patients required the combination therapy to achieve BP control. 17, 18 In contrast, in this study more than half the patients on the aliskiren monotherapy achieved BP control, whereas the remaining patients required the optional addition of a diuretic or a CCB. Overall, 84 patients (68 patients from o65 years age group and 16 patients from X65 years age group) achieved BP goal according to the Japanese Society of Hypertension guidelines, and over 70% of the patients responded to aliskiren in this study. Similar responder rates were observed in other studies comparing aliskiren with ramipril (being the most commonly used ACEI outside Japan) in hypertensive patients and in a diabetic population with hypertension. 10, 19 There were no deaths during the study and few SAEs were reported, although a possible relation to the study drug could not be excluded for three patients. The incidence of AEs was similar for both aliskiren monotherapy and aliskiren in combination with a CCB/diuretic.
The results from this study were consistent with those of the previous studies where aliskiren showed tolerability comparable to placebo at doses up to 300 mg o.d. and had a safety profile equivalent to the ARBs. 20, 21 Similar results were observed in a pooled analysis of data from eight randomized, multicenter studies (8570 patients with mild-to-moderate hypertension), wherein aliskiren showed tolerability comparable to placebo. 22 The commonly reported AEs with aliskiren were headache, nasopharyngitis, and diarrhea, and these AEs were not significantly different from placebo. 22 Interestingly, a greater number of patients (93%) in the aliskiren 150 mg group completed the study as compared with those in the aliskiren 75 mg group (B85%) mainly because of discontinuations due to side effects. A similar trend has been observed in previous studies in non-Japanese populations. 21, 23, 24 The difference may relate to effects caused by the underlying hypertensive state rather than drug-related effects.
The primary goal of treating patients with essential hypertension is to attain target BP levels, thereby reducing long-term risk of cardiovascular morbidity and mortality with minimal side effects. The results of this study showed that long-term use of aliskiren alone and aliskiren in combination with a CCB or a diuretic was well tolerated; moreover, BP goal was attained in the majority of patients. This study adds to the growing evidence that aliskiren, an oral direct renin inhibitor, is effective in the long-term control of hypertension. Further long-term and large-scale studies are needed to prove the endorgan protection benefits of aliskiren. 
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Conclusion
Long-term therapy with aliskiren alone or aliskiren in combination with a CCB or a diuretic in Japanese patients with hypertension was well tolerated and provided effective BP reductions that were maintained over 52 weeks of treatment. 
